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(3) Method and apparatus for interactive color transformation of color values between color spaces. 



A method and apparatus for mapping a first 
color space into a second color space which 
allows a user to specify or constrain the -map- 
ping for a subset of the points within the first 
color space and determine the remaining un- 
constrained points according to a preexisting 
or default mapping. 
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The present application is related to U.S. applica- 
tion serial no. 08/017,094 entitled Method For Cross- 
Device Color Calibration And Enhancement Using Ex- 
plicit Constraints and U.S. application serial no. 
08/017,198 entitled Method And Associated Appara- 
tus For Transforming Input Color Values In An Input 
Color Space To Output Color. Values In An Output Col- 
or Space incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed to color calibra- 
tion and color enhancement for digital imaging sys- 
tems in which interactive mapping of colors in one col- 
or space to colors in another color space is performed 
and, more particularly, to a system in which con- 
straints to the mapping process are supplied by a 
user via an interactive sylsteni used to specify a par- 
tial color mapping for some subset of the colors. 
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Description of the Related Art 

In many applications, it is necessary to take color 25 
image data which exists in a color space for one spe- 
cific device and map it onto a color space for a differ- 
ent device. Because of the differences in the color 
spaces and the color gamuts of the various devices, 
several problems arise in this process. The first is col- 30 
or calibration which involves how to specify the color 
on one device so that the perceived color matches 
that of another device. For example, an image dis- 
played on a video monitor needs to be printed with the 
same perceived color reproduction. This problem is 35 
essentially one of transforming from one device de- 
pendent color space to another. For example, this 
would involve transforming from the monitor RGB 
space to the printer CMY(K) space. If all of the colors 
in the image fall within both color gamuts, then this 40 
transformation is straightforward and can be accom- 
plished with multi-dimensional look-up-tables (see W. 
F. Schreiber. Color Reproduction System, U. S. Pa- 
tent 4,500,919 (February 19. 1985)). 

When some of the colors in the input color space 45 
fall outside of the gamut of the output color space the 
problem is more complicated. Now the question be- 
comes what to do with the out-of-gamut colors. Sev- 
eral methods to handle this problem have been pro- 
posed. Common approaches, maintain the hue angle so 
and lightness for the out-of-gamut colors and clip the 
saturation to the gamut boundary, or they compress 
the gamut so that the input color gamut fits within the 
output color gamut (see R. S. Gentile etal./A compar- 
ison of techniques for color gamut mismatch compen- 55 
sation", J. Imaging Technol. 16, 176-181 (1990)). For 
many kinds of images, such as photographic scenes, 
where very few out-of-gamut colors will occur, satur- 



ation clipping approach may yield acceptable results. 
However, for other types of images, such as computer 
generated presentation graphics, a large percentage 
of the colors may be outside the gamut, since satu- 
rated colors hold great appeal for many kinds of 
graphics such as pie charts, or text slides. Using an 
approach which clips the saturation or compresses 
the gamut may yield quite unacceptable results since 
the resulting images will be noticeably lower in satur- 
ation. The colors appear more pastel and have less 
"snap". As a result, different techniques are needed 
to map the input color gamut into the output color 
space. This involves modifying the colors in the im- 
age rather than matching the colors from one device 
to another, which is referred to as "color enhance- 
ment". 

A principle reason for the mismatch in gamut 
shapes for different devices is related to the differ- 
ence in the primaries of the devices (i.e., the "blue- 
primary of the printer, which is created by combining 
cyan and magenta colorants, may differ in lightness, 
— saturationrand-even-hue-frp^ 
the monitor). In many color enhancement approach- 
es, specifying a mapping, which computes the 
amount of the colorants for the second device by a 
function of the corresponding colorants of the first de- 
vice and which will achieve the desired effect on the 
primaries without having undesirable side effects on 
other colors, can be quite difficult or even impossible. 
For example, skin tones might end up turning green- 
ish. A more robust approach defines some multi-di- 
mensional cqlor-mapping to transform the coordin- 
ates of the input space into the output space. This pro- 
vides "knobs* to adjust the ; appearance of certain col- 
ors and/or control the amount of correction applied. 

For some applications, other forms of color en- 
hancement may also be desirable. For example, one 
might want to boost the saturation of a hazy image, 
adjust the hue of an object in the image, or increase 
the color contrast between different objects in the im- 
age. Such enhancement methods suffer from the 
same problems which were described above. In par- 
ticular, it is difficult to modify some subset of the color 
gamut without having undesirable side effects on the 
rest of the color space (See "Method for cross-device 
color calibration and enhancement using explicit con- 
straints" previously mentioned). 

It is also desirable to allow for the explicit mapping 
of certain colors to be performed manually by users. 
Consider when certain corporate trademarks or logos 
have to maintain their colors, or when a product to be 
depicted in a print should have a certain color to it, i.e., 
chocolate should have a specific shade of brown. In 
such a situation the mapping process from input color 
values to output color values needs to have an inter- 
active means which will enable user-selected color 
values to map to the user-selected output color val- 
ues. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a system that allows a user to interactively specify a 
constrained mapping of colors in one color space into 5 
another color space. 

It is another object of the present invention to al- 
low the colors that are not constrained to be mapped 
by an unconstrained or otherwise specif ied methotd. 

It is also an object of the present invention to ai- w 
low a user to specify a mapping using a small number 
of point-to-point constraints to obtain a color.transfor- 
mation of images between spaces that satisfies the 
users subjective requirements, 

It is a further object of the present invention to is 
provide a system'that allows the user to constrain the 
mapping only in regions of interest and to perform 
mapping in other regions without the explicit con- 
straints. 

The above objects can be attained by a system 20 
in which a user specif ies a general mapping strategy 
for mapping color values in a first color space to yal-r 
ues in a second color space, thereby, specifying a 
general mapping or transform between the spaces. 
The user then interactively specifies modifications to 25 
the transform by specifying constraints in the trans- 
form. The constraints are specified by the user pick- 
ing a color value in the first color space and picking a 
subjectively corresponding color in the second color 
space. The two colors specify a constrained map- 30 
ping. That is, the general transform is modified so that 
colors in the input that fall, on the constraint point in 
the first space are mapped to the selected point in the 
second space. The unconstrained color valuers initial- 
ly specif ied by the general transform are modified to 35 
provide a smooth transition to the constrained points. 
The modified mapping or transformation can then be 
used to transform images in the first color space into 
images in the second color space. 

These together with other objects and adyantag- 40 
es which will be subsequently apparent, reside in the 
details of construction and operation as more fully 
hereinafter described and claimed, reference being 
made to the accompanying drawings forming a part 
hereof, wherein like numerals refer to like parts 45 
throughout 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the principles of generalized so 
color mapping or transformation; 
Figure 2 depicts hardware components of which 
can be used in an embodiment of the present 'in- 
vention: 

Figure! 3 depicts a display and set of color patch- ss 
es that can be used by a user to interactively 
specify the constraints in accordance with the 
present invention; 



Figure 4 is a flowchart of the steps performed in 
the process of the present invention; 
Figures 5A. 5B and 5C graphically illustrate mod- 
ification of a general transform using constraints; 
and 

Figures. 6A, 6B, 6C and 6D graphically illustrate 
constraints. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention describes a method and 
apparatus for mapping one color space into another 
color space by allowing a user to interactively and ex- 
plicitly specif y the mapping for some subset of the 
points within the cplor space and determining the re- 
maining unconstrained points according to a defined^ 
general or preexisting mapping strategy or transfer- , 
mation. The user interactively specifies particular col- 
ors from the input color space to be mapped to par-, 
ticular specified colors in trteoutput color space. This 
method improves on previqus^methods by providing 
for greater flexibility in the specification of explicit 
constraints, by allowing user selection of input colors 
and associated output colors.. More specifically, the 
preferred method of the present invention is a method 
and asspciated.apparatus for transforming input color 
values in. an input color space to output color values 
in an output color, space, comprising; the steps of: a) 
specifying the input and putput color spaces; b) pro- 
viding the user with means to explicitly specify par- 
ticular colors from the input color space and what col- 
ors in the output color space they should be mapped 
to; c) providing the usfrwith the choice of using built- 
in transformations to be applied , to single colors or 
sets of colors (such as maintaining the neutral colors, 
etc.); d) forming a transform of the remaining colors 
using the constraints provided in steps b) and c); and 
e) transforming input .color values in the input color 
space to output color values in the output color space 
using the transforms formed in steps a) through d). 

The advantages and implementation aspects of 
a generalized, color mapping technique have been 
discussed in the Method For Cross-Device Color Cal- 
ibration And Enhancement Using ? Explicit Con- 
straints, and Method And Associated Apparatus For 
Transforming.Color Values In An Input Color Space To . 
Output Color Values In An Output Color Space both 
previously mentioned. This invention presents a more 
flexible approach to color mapping by providing a 
user-interface which enables users to input into the 
system the constraints for the mapping process. The 
interface is built into a generalized color mapping 
technique, like the one illustrated in figure 1 which de- 
picts a generalized color mapping function 10 for 
transforming multi-channel input color values in a first 
or input cplor space denoted as ABC (where ABC 
could represent RGB. CMY. CMY(K), XYZ, CIELAB, 
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etc.) into multichannel ou tput color values in a second 
or output color space denoted as DEF (where DEF 
could represent the same color spaces as listed 
above). The output color space may or may not be a 
different color space than the input color space. 

Figure 2 illustrates one way the present invention 
could be implemented. An input color device 20. such 
as a conventional computer monitor, which displays 
input color values of an image, such as a picture cap- 
tured with a video camera, in some inputcolbr space, 
such as monitor RGB. is connected to a processor 22. 
The processor 22 interacts with an interactive user in- 
terface 26. such as a conventional interface which is 
capable of accepting inputsfrom users, either via a 
regular keyboard and/or a two- or three-dimensional 
means of selection (e.g.. mouse, joystick, trackball 
date glove, etc.). or a combination of both to specify ' 
the transformation constraints. The processor 22 and 
interface 26 could comprise a conventional desk top 
computer and its operating system with associated 
utilities. The processor 22 is also connected to an out- 
put device 24 ._such_as-aJc6nventi6nai-eoi6r-printer— 



which processes the output color values produced by 
the processor 22 in an output color space, such as 
CMY for printers. The processor 22 also includes a 
storage medium, such as a hard disk, in which the 
transform can be stored for later retrieval and use. Of 
course the transform can be stored on a portable me- 
dia, such as a floppy disk and carried or transmitted 
to another processor where it is retrieved and used for 
performing transformations. 

The preferred embodiment of the present inven- 
tion involves transforming color images displayed on 
an RGB.videb monitor into images for printing on a 
CMY(K) color printer. It should be apparent, however 
that this invention can be adapted easily to other color 
conversion problems such as between printer spaces 
which used different inkings. 

The color interactive transformation modifica- 
tions embodied in the present invention comprises a 
five step process which will be discussed in more de- 
tail with respect to figures 3 and 4; First the input and 
output color spaces have to be specified. Second, the 
user is given the choice of manually choosing specific 
input color values to be mapped to specif ic output col- 
or values. Third, upon completion of the" selecting of 
the user-defined constraints, the user can choose 
any of the built-in color mapping strategies. Of course 
this step could be first rather than third. Fourth, the 
system forms a transform of the remaining (unspeci- 
fied) colors using a built-in interpolation scheme. Fi- 
nally, all the input color values in the input color space 
are transformed to output color values in the output 
color space using the transform described above. 
Once the transformation of the input color values into 
output color values is complete, the output color val- 
ues can be reproduced on the targeted color output 
device, thereby reproducing input images on the out- 



put device in a way that satisfies the users subjective 
needs. 

The first step 30 of the process (see figure 4) spe- 
cifies the input color values in the input color space 
5 and the device-dependent output color values in the 
output color space where it is possible that the input 
and output spaces can be the same space. This step 
includes not only specifying the color spaces, such as 
RGB and CMY. but also designates a default color 
w transformation which will be used as an initialization 
of the color transformation, this transformation will 
then be perturbed by the constraints applied in the 
following steps. For example, the default color trans- 
formation might be a simple colorimetric match of the 
i s input and output colors or it might be an initial "factory 
defined" color transformation created with the meth- 
od described in the Method for Cross-Device Color 
Calibration And Enhancement Using Explicit Color 
Constraints previously mentioned. This step sets up 
20 an initial transformation between input color values 

and the o utput color values which can be modified by_ 

the user to provide a custom color transformation" 
In the second step 32. the user chooses or picks 
, one of the input colors, or a subset of input colors. 
25 either by pointing to a region on the input image using 
a mouse, etc., or by specifying an explicit RGB value. 
The system then queries the user as to which.of the 
output color values, or set of output color values, he 
or she wants the chosen input color or set to be map- 
30 ped arid allows the user to specify 34 the correspond- 
ing desired output color or set. The input color values 
can be realized either as RGB values on the monitor 
or as an on-line list of RGB values. The output color 



35 



values can be realized either as printed color patches 
in the form of a menu of representative color patches 
Printed on the color printer or as an on-line list of 
CMY(K) values. An example of the preferred embodi- 
ment for the displays eta of this step is illustrated in 
figure 3 in which a monitor display 50 is divided into 
40 two P arts: on the left-hand side, the input image 52 
is displayed/and on the right-hand side, a map of col- 
or patches 54 is displayed. In addition, the user can 
view a printed color reproduction 56 of a large number 
of patches which the output device (printer in this ex- 
's ample) can reproduce. This printed reproduction 56 
corresponds to the color patches 54 displayed on the 
monitor 50. If the CMY(K) values are in.the range 0 
to 255, then the patches could be in increments of 5 
units for each of the dimensions, i.e., Cyan (C) Ma- 
50 genta (Mj. Yellow (Y) and Black (K). Because this' f ine 
of an increment between patches would produce 
148,877 patches, a coarser increment would probably 
be preferred or a pan-zoom mechanism to ailow fo- 
cusing on specific screen patches 54. An example of 
55 such interaction can be to constrain the color repro- 
duction of a corporate trademark color, such as East- 
man Kodak Co. trade dress yellow, the user chooses 
a patch in the input image 52 which represents that 
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color, and points to a corresponding patch from the 
menu of color patches 54 which he or she thinks to be 
the best visual match to the Kodak trade dress yellow. 
Consider the following additional example: the user 
wants the color value of the sun in the input image to 5 
match a patch corresponding to the desired printer 
yellow. Referring to figure 3. the user chooses 32 the 
sun 58 as it appears on the input image 52, finds a 
patch 60 corresponding to desired printer yellow in 
the printed ensemble 56. and "clicks on" 34 the cor- w 
responding patch 62 on the right-hand side 54 of the 
monitor 50. This defines a new constraint specifying 
that any input color that matches the color of the sun 
selected in step 32 is to be transformed into the patch 
color selected in step 34. Using the same example, 15 
but applying a different selection mechanism,. the 
user may know what the RGB value of the sun 5>3 in . 
the input image 52 is, and what the CMY value of the 
desired output color is on the output device and the s 
ystem can allow the user, via a menu, to select (32) 20 
an RGB on the input side, and associate it (34) with 
a CMY on the output side, thus defining the new con- 
straint. Other methods of selection of the points.that 
define the constraint are also appiicable, such as pro- 
viding an ordered list. The particular selection mech- 25 
anidm should be matched to the particular require- 
ments of the user. These steps 32 arid 34 can be re- 
peated 36 numerous times for every desired input col- 
or region the user wishes to constrain and map to ian 
output color patch. 30 

Once the user-driven constraints are defined, the 
next Step 38 in the mapping process can be for the 
system to offer the user some additional built-in map- 
ping strategies, from which the user can select, to ap- 
ply to specified subsets of points to customize partic- 35 
ular regions of color space. Examples of these strat- 
egies can be: (1 ) maintaining the neutral color values; 
and (2) maintaining saturation of highly saturated in- 
put color values. Some typical mapping strategies are 
discussed in the previously 'Mentioned, Method And 40 
Associated Apparatus For Transforming Input Color 
Values In An Input Color Space To Output (iqlor Val- 
ues In An Output Color Space. 

Once the set of constrained colors, as well as the 
color mapping strategy for those constrained colors, 45 
has been defined, the color mapping for the remain- 
ing colors, particularly those colors close to the con- 
strained colors, must be determined 40. These are 
the colors outside the set of constrained colors. For 
colors near the constrained color values, the color 50 
mapping must be modified to provide a smooth tran- 
sition to the constrained color values. In general, col- 
ors far from the constrained points will change less 
than colors near a constrained point. 

Several techniques could be used to calculate 55 
and provide this smooth transition to the constrained 
points that vary in the complexity of implementation, 
and the smoothness and acceptability of the results. 



Some of the simplest strategies include multi-dimen- 
sional interpolation techniques, such as trilinear or 
tetrahedral interpolation. (For example, see: John R. 
D'Erico, Color image reproduction apparatus having 
a least squares look-up table augmented by smooth- 
ing, U. S. Patent 4,941,039. Jul. 10, 1990; K. Kana- 
mori and H. Kotera. "Color correction technique for 
hard copies by 4-neighbors interpolation method", J. 
Imag. Sci. Technol. Vol 36. pp. 73-80 (1992); and S. 
Wan„R. Miller, and J. Sullivan, Convex interpolation 
for color calibration, U.S application serial no. 
08/068.823, all incorporated by reference herein. 
Generally, these techniques have been developed for 
the calibration of a device from experimentally meas- 
ured data, but they could be adapted by a person of 
skill in the arttojiandle the present color enhance- 
ment algorithm as well. 

The preferred method used in the present inven- 
tion applies a technique similar to the computer 
graphics shape transformation technique (generally 
referred to as /•morphing", see T. Beier and S. Neely, 
"Feature-Based lrnage : Metamorphosis,. Computer 
Graphics, Vol. 26, No. 2, July 1992. pp. 35-42) t to de- 
termine the unconstrained points in the transition re- 
gion. Suclj a technique allows for points in the input 
color space to be mapped smoothly and continuously. 
The preferred morphing technique minimizes the val- 
ue of a cost function calculated from the color differ- 
ences, between nearby color values. The cost func- 
tion is formulated to maximize local continuity and 
smoothness in the color mapping function^For more 
details concerning the preferred morphing technique 
see Method For Cross-Device Color Calibration And 
Enhancement Using Explicit Constraints previously 
mentioned. . 

The above step 40 produces a modified general 
transformation from the input color values to the out- 
put color values. Of course if the constraint specif K 
cation specifies that ther color will be outside of the 
gamut of the target device, an appropriate-gamut 
mapping procedure is applied. The effects of this 
transformation are evaluated, 42 by. for example, 
printing a portion of the input image and visually re- 
viewing it to determine whether it is subjectively sat- 
isfactory. If not satisfactory 44 further modifications 
can be performed. Once the transformation is found 
to be satisfactory, the transformation can be stored 
46 and used directly to convert 48 an entire input im- 
age and its associated input color values to an output 
image (or print) with its associated color values, or it 
can be delivered as a look-up table to another process 
(e.g., printer) which will use this transformation every 
time a mapping between the input device and the out- 
put device is required. ... 

The process of figure 4 is represented graphically 
in figures 5A, 5B and 5C. In Fig. SAthe lattice indices 
would be determined by the input control values and 
the position of the nodes would be determined by the 
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default mapping; For example, the second lattice col- 
umn may correspond to ah input value of R=50 arid 
the spatial location of the nodes in that column repre- 
sent the GMY values corresponding to the default col- 
or mapping for each lattice point. Figure 5B illustrates 5 
applying constraints to certain nodes to alter the de- 
fault mapping at those locations. In figures 5 A arid 5B 
the open circle nodes represent unconstrained color 
values and the solid circle nodes represent color val- 
ues that have been constrained in the selection proc- w 
ess of the present invention. The arrows in figure 5B 
represent the direction and distance that the corre- 
sponding color values in the output space have been 
moved when the user designates the constraints by 
picking the corresponding colors in the output space is 
while the crossed circles indicate the corresponding 
color selection in the output space.' For example, the 
user would select the color point in the input space 
corresponding to node 70 (figure 5A) in step 32 and 
then select the position of node 72 (figure SB) in step 20 
34 as the corresponding color value in the output 
space._The remaining solid and crossed nodes repre-- 



sent the pair selections. When the operation of step 
40 is performed on the transformation defined by the 
regular mapping using the constraints defined by the 2$ 
solid and crossed circles of figure 5B. the rearranged 
node arrangement of the output color values in the 
output color space of figure 5C results. That is, the 
mapping from figure 5A to 5C represents the modi- 
fied transformation produced by applying th£ con- 30 
straints to the defined, built-in or default transforma- 
tions. The new spatial location for each' node corre- 
sponds to the new transformation determined for the 
lattice point values. As a result, a color in an input im- 
age output which would normally be transformed into 35 
a color in the output space using the default transfor- 
mation instead of being transformed into a color value 
such as point 80 (figure 5B) will be transformed into 
color value 82 (figure 5C): All the nodes in figure 5C 
which have been displaced with respect to' the corre- 40 
sponding nodes in figure 5B represent nodes in the 
transition region. The entire transformation is modi- 
fied in this way. ; 

The present invention can also be used to con- 
strain regions of color space rather than just points in 45 
color space. Figures 6A-6D illustrate several different 
types of constraint regions. Figure 6A shows the sim- 
ple point constraint which specifies the mapping for 
a single input color value. Figure 6B illustrates a line 
constraint. This cbuld be used to constrain the rVeutral 50 
axis, or a shadow or highlight series for a particular 
surface color. Figure 6C shows a surface constraint. 
For example, this could be used to constrain the ex- 
terior surface of the color gamut or an interior surface 
which delineates regions of the color space and acts 55 
as a boundary beyond which changes induced by 
other constraints cannot propagate. Figure 6D illus- 
trates a volume 'constraint. This could be used to con- 



straint the set of all colors with low saturation, or col- 
ors within the convex hull of all skintone colors, etc. 
Once all of the constrained regions have been de- 
fined, the remaining unconstrained points are deter- 
mined as described above. Any or all of these types 
of regions could be used in some specific application, 
and different transformations could be specified for 
every region. For example, the neutral axis and vol- 
ume of skintones could be constrained to be repro- 
duced colorimetrically, the gamut surface could be 
specified using a color mapping technique, such as 
that described in Method And Associated Apparatus 
for Transforming Input Color Values In An Input Color 
Space to Output Color Values In An Output Color 
Space, arid several point constraints could be inter- 
actively specified, using the selection means descri- 
bed above. 

The advantage of the method for color space 
mapping of the present invention using an interactive 
system for user-defined constraints is that it allows all 
of the colors in one color space to be mapped to an- 
— other dolor'spacTby specifyincfonly a small set~oT~ 
constraints. Once these constraints are specified, 
the remainder of the colors can then be determined 
using some predefined mapping strategies. The 
specification of the constrained points allows maxi- 
mum flexibility iri the color mapping process. Some 
colors can be reproduced with large color shifts, 
while others can be reproduced with no perceived col- 
or shift at all. 

The capability to interactively define the input 
color values which are to be mapped to the output col- 
or values is a substantial advantage over many con- 
ventional techniques as they involve defining color 
mapping functions that operation the various, color 
channels of the input spac? using some series of 
functions, matrices and/or look-up tables. With those 
techniques, changes made in one region of the color 
space will often affect many other parts of the color 
space as well. This reduces flexibility in the definition 
of the color mapping. 

Finally, this capability is more flexible than previ- 
ous techniques for cross-device color mapping since 
it provides an interactive means to build a new look? 
up table to transform color values which can var y with 
every input image. Therefore, one look-up table 
which may be suitable for one or several images can 
be reconstructed to suit a different set of images, as 
per user demand. 

The many features and advantages of the inven- 
tion are apparent from the detailed specification and, 
thus, it is intended by the appended claims to cover 
all such features and advantages of the invention 
which fail within the true spirit and scope of the inven- 
tion. Further.' since numerous modifications and 
changes will readily occur to those skilled in the art, 
it is not desired to limit the invention to the exact con- 
struction and operation illustrated and described, and 
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accordingly all suitable modifications and equiva- 
lents may be resorted to, falling within the scope of 
the invention. 



Claims 

1. A method, comprising: 

a. designating a transformation for transform- 
ing input color space values into output color 
space values; 

b. interactively user specifying a transforma- 
tion constraint; and 

c. modifying the transformation using the 
constraint. 

2. A method as recited in claim 1 . further comprising 
d. transforming input image color values in the in- 
put color space into output image color values in 
the output color space via the modified transfor- 
mation. 

3. A method as recited in claim 2, wherein the trans- 
formation constraint comprises a constraint input 
color value in the input color space and a corre- 
sponding constraint output color value in the out- 
put color space, and said transforming perform- 
ing transformation of the input image color values 
matching the constraint input color value into the 
constraint output color value. 

4. A method as recited in any of claims 1 to 3, where- 
in said transformation constraint specifies one of 
a subset of constraints among a point, a line, a re- 
gion, a surface and a volume constraint. 

5. A method as recited in any of claims 1 to 4, where- 
in the modified transformation is stored in a stor- 
age media. 

6. A method as recited in claim 5, wherein the modi- 
fied transformation is read from the storage me- 
dia and used for color value transformation. 

7. Amethod as recited in any of claims'1 to 6, where- 
in said first device comprises one of a display; a 
scanner and a printer and said second device 
comprises one of a display, a scanner and a prin- 
ter. 

8. A method as recited in any of claims 4 to 7 when 
appendent to claim 4 further comprising the step 
of smoothly performing a transition between the 
subset and the first color transformation. 

9. An apparatus, comprising: 

an interactive interface interacting with a 
user to designate transformation constraints for 



a defined transformation; and 

a processor modifying the defined trans- 
formation responsive to the transformation con- 
straints. 

5- 

10. An apparatus as recited in. claim 9, wherein said 
processor performs transformations of input col- 
or values into output color values responsive to 
the modified transformation. 

10 

11. An apparatus as recited in claims 9 or 10, wherein 
said processor stores the modified transforma- 
tion on a storage media. 

is 12. An apparatus, comprising a storage media in- 
cluding a colqr space to color space transforma- 
tion user interactively modified by a user speci- 
fied transformation constraint. 

20 13. An apparatus as recited in claim 12, further com- 
prising a processor reading the transformation 
from said media and transforming color values 
^ from a first color space to. a second color space 
using the transformation. " 

25 
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